In colorectal cancer, the presence and extent of eosinophil granulocyte infiltration may render important prognostic information. However, it remains unclear whether an increasing number of eosinophils might simply be linked to the overall inflammatory cell reaction or represent a self-contained, antitumoral mechanism that needs to be documented and promoted therapeutically. Peri-and intratumoral eosinophil counts were retrospectively assessed in 381 primary colorectal cancers from randomly selected patients. Tumors were diagnosed in American Joint Committee on Cancer (AJCC)/Union Internationale Contre le Cancer (UICC) stage I in 21%, stage II in 32%, stage III in 33%, and stage IV in 14%. Presence and extent of eosinophils was related to various histopathological parameters as well as patients' outcome. Overall, peri-and intratumoral eosinophils were observed in 86 and 75% cancer specimens. The peritumoral eosinophil count correlated strongly with the intratumoral eosinophil count (R ¼ 0.69; Po0.001) and with the intensity of the overall inflammatory cell reaction (R ¼ 0.318; Po0.001). Both increasing peri-and intratumoral eosinophil counts were significantly associated with lower T and N classification, better tumor differentiation, absence of vascular invasion, as well as improved progression-free and cancer-specific survival. However, only peritumoral eosinophils, but not intratumoral, were an independent prognosticator of favorable progression-free (hazard ratio 0.75; 95% confidence interval 0.58-0.98; P ¼ 0.04) and cancer-specific survival (hazard ratio 0.7; 95% confidence interval 0.52-0.93; P ¼ 0.01)-independent of the intensity of overall inflammatory cell reaction. This was also found for patients with AJCC/ UICC stage II disease, wherein the presence of peritumoral eosinophils was significantly associated with favorable outcome. In conclusion, the number of peritumoral eosinophils had a significant favorable impact on prognosis of colorectal cancer patients independent of the overall tumor-associated inflammatory response. Evaluation of peritumoral eosinophils represents a promising readily assessable tool and should therefore routinely be commented on in the pathology report.
Colorectal cancer is a global burden and ranges among the most common cancers and cancer-related causes of death worldwide. 1 Stage according to the American Joint Committee on Cancer (AJCC)/Union Internationale Contre le Cancer (UICC) tumor node metastasis (TNM) system remains the most important prognostic parameter and guidance for therapeutic decision making. 2 However, patients with an identical stage may experience considerably different clinical courses of disease. Thus, additional stage-independent pathologic parameters are warranted to identify patients who may benefit from adjuvant treatment. Although adjuvant chemotherapy is the standard approach in AJCC/UICC stage III patients, it is considered for AJCC/UICC stage II patients only in high-risk constellations, such as pT4 disease. 1, 2 Tumor-related local inflammation has been proposed as a hallmark of cancer and is emerging as a novel prognostic parameter. 3, 4 It is evident that multiple different cell types of the adaptive and innate immune system interact with cancer cells and may also have a prognostic value in colorectal cancers. 3, 5 However, a reliable measure of the antitumor local inflammatory cell reaction is yet to be integrated into routine pathology. 3, 5 Histopathology-based assessment of the overall local inflammatory cell reaction has been developed as a simple and reproducible grading scheme for estimation of the inflammatory cell reaction, which is independent from classical cancer-cell characteristics, such as morphology, cell of origin, molecular pathways, mutation status, and gene expression-based stratification. 5, 6 A pronounced local (in situ) inflammatory cell reaction in and around the tumor has been associated with favorable prognosis in colorectal cancers independent of AJCC/UICC stage. 5 Eosinophil infiltration in the tumoral area, which is also called tumor-associated tissue eosinophilia, is an easy-assessable parameter in routine pathology. Increased numbers of eosinophils have been associated with disease recurrence and survival in patients with colorectal cancer. [7] [8] [9] [10] Furthermore, the occurrence of eosinophil infiltration has been linked to the overall inflammatory cell reaction. 11 This raises the question whether the infiltration of eosinophils is a simple 'bystander' of an inflammatory host's reaction or might represent a selfcontained antitumoral mechanism that needs to be documented in routine pathology and promoted therapeutically?
The present analysis aims to assess the role of intratumoral and peritumoral eosinophils in regard of their association with various histopathological parameters and prognosis in colorectal cancer patients. Furthermore, we compared the prognostic impact of eosinophils with that of traditional and emerging histopathological parameters, such as vascular invasion, tumor budding, and overall inflammatory cell reaction, focusing on AJCC/UICC stage II disease.
Materials and methods

Patient' Selection and Follow-Up Assessment
During the period from 1 January 1984 to 31 December 2005, a total of 7909 colorectal cancers from 7564 patients (4095 males, 3469 females; ratio 1.2:1) were identified in the local colorectal cancer database of the Institute of Pathology (Medical University of Graz, Austria). Of these, 400 (5%) patients were randomly sampled from January 1992 through December 2000 with the aim of obtaining identical adjuvant treatment modalities (see below) as well as a minimum of 5 years' follow-up.
The following patients were excluded: (i) those who underwent endoscopic polypectomy for lowrisk T1 cancer due to missing data regarding nodal status; (ii) patients who underwent neoadjuvant chemotherapy due to presumptive treatment-related changes in T classification; (iii) patients with synchronous or metachronous secondary colorectal cancer; and (iv) patients with competitive invasive cancers originating from other sites if metastatic deposits were not assessed by histology.
Finally, 381 patients out of 400 (95%) were included for review pathology (166 males, 215 females; ratio 1:1.5; mean age 68.5 years). Tumors were located on the right side in 107 (cecum to transverse colon), on the left side in 110 (flexura lienalis to sigmoid colon), and in the rectum in 164 cases.
Adjuvant chemotherapy was guided by AJCC/ UICC stage: stage I and II patients did not receive adjuvant therapy, whereas stage III patients were given 5-fluorouracil/folinic acid-based chemotherapy according to the Mayo Clinic protocol. 12 Follow-up included laboratory testing (including blood count, liver enzymes, and tumor markers (carcinoembryonic antigen and carbohydrate antigen 19-9)) at 3-month intervals (extended to 6 months after 3 years) and chest X-ray and abdominal ultrasound at 6-month intervals (extended to 12 months after 3 years). Patients with rectal cancer underwent computerized tomography every 12 months.
Progressive disease was defined as either local recurrence (any detectable local disease, occurring either alone or in conjunction with generalized recurrence) or systemic recurrence (any detectable disease, except local recurrence).
Institutional review board approval was received from the local ethics committee.
Histopathology
T and N classification were assessed according to the AJCC/UICC 2009 issue of the TNM classification. 13 Histological tumor type and differentiation (grade) were assessed according to the 2010 edition of the World Health Organization classification. 14 Vascular invasion, including both venous and lymphatic invasion, was considered positive when tumor cells or tumor cell thrombi were observed within an endothelium-lined space. Special care was taken to differentiate endothelial cells from retraction artifacts lined by fibroblasts. When carcinoma cells were present in vessels with a thick vascular wall and red blood cells in the lumen, this was considered blood vessel invasion. Immunohistochemistry for endothelial cells was not routinely done, in keeping with standard practice.
The extent of tumor budding was assessed on hematoxylin and eosin-stained slides as described previously by Ueno et al: 15 in a field in which budding intensity was maximal, the number of isolated single cells or small clusters of less than five cells scattered in the stroma at the invasive tumor margin was counted using a Â 20 objective lens in a field measuring 0.95 mm 2 (Olympus BX45, Tokyo, Japan). The intensity of budding was recorded as follows: score 1 (o5 budding foci), score 2 (refs 5-8,16) , score 3 (refs 9-15,17-19) , and score 4 (Z20). Tumor budding was summarized as low (score 1 and 2) and high (score 3 and 4).
The number of eosinophils was assessed separately within the tumor center (intratumoral) and in the stroma at the invasive tumor margin (peritumoral) on hematoxylin and eosin-stained slides. Eosinophils were counted and graded as described previously by Fernandez-Acenero et al 8 using a Â 40 objective lens in a high power field measuring 0.24 mm 2 (Olympus BX45): absence of eosinophils, low eosinophil count (o10/0.24 mm 2 ), intermediate eosinophil count (10-50/0.24 mm 2 ), and high eosinophil count (450/0.24 mm 2 ). Figure 1 shows an example of a colorectal adenocarcinoma with high peritumoral eosinophil count.
The intensity of overall inflammatory cell reaction at the invasive margin was assessed as described by Klintrup et al 6 on hematoxylin and eosin-stained slides: A score of 0 indicated there was no increase in inflammatory cells, a score of 1 represented a mild or patchy increase, a score of 2 a prominent inflammatory reaction, and a score of 3 a florid 'cuplike' inflammatory infiltrate.
Review pathology was performed independently by two gastrointestinal pathologists (MJP and CL), who were blinded regarding clinical data. Discrepancies were resolved by simultaneous re-examination of the slides by both investigators using a double-headed microscope.
Statistical Analysis
Associations between eosinophil count and tumor parameters were analyzed using w 2 -test. Spearman's rank correlation was performed to assess correlation of nonparametric data. Progression-free and cancerspecific survival was assessed using the KaplanMeier method. Significance among patient groups was calculated by using the log-rank test. To determine hazard ratios, we used Cox proportional hazards regression model. All reported test were two sided and P-values were significant at levels o0.05. All statistical calculations were performed using SPSS statistics version 20 (IBM, Armonk, NY, USA).
Results
Increasing Peritumoral and Intratumoral Eosinophil Counts are Associated with Favorable Tumor Parameters
Peritumoral eosinophils were observed in 328 (86%) and intratumoral eosinophils in 284 (75%) colorectal cancer specimens. Herein, the peritumoral eosinophil count correlated strongly with the intratumoral eosinophil count (R ¼ 0.69; Po0.001). Increasing peritumoral eosinophil counts were associated significantly with lower T and N classification, better tumor differentiation as well as the absence of lymphatic and venous invasion. Similar data were observed for increasing intratumoral eosinophil counts-although not for N classification. Table 1 summarizes the distribution of intratumoral and peritumoral eosinophil counts related to different tumor characteristics.
Peritumoral and Intratumoral Eosinophils Correlate with Overall Inflammatory Cell Reaction
An increased overall inflammatory cell reaction was observed in 370 (97%) cancers (score 1-3). Herein, 156 (42%) showed a mild or patchy increase (score 1), 146 (39%) a prominent (score 2), and 68 (19%) a florid 'cup-like' inflammatory reaction (score 3). Increasing inflammatory reaction correlated positively with increasing peritumoral (R ¼ 0.318; Po0.001) and intratumoral (R ¼ 0.214; Po0.001) eosinophil count. However, the inflammatory cell reaction varied among tumors with identical peritumoral eosinophil counts. Thus, tumors lacking peritumoral eosinophils showed a prominent to florid overall inflammatory cell reaction (score 2 or 3) in 16 (31%) cases (Figure 2a ). Likewise, tumors with a high peritumoral eosinophil count demonstrated only a mild inflammatory cell reaction (score o2) in 4 (20%) cases (Figure 2b ).
Increasing Peritumoral and Intratumoral Eosinophil Counts are Associated with Progression-Free and Cancer-Specific Survival
Follow-up data were available for 350 out of 381 (92%) patients. Median follow-up was 45 months (range 1-182). After a median of 15 months (range 0-88), progression (local or systemic recurrence) occurred in 141 (37%) patients. Of these, 118 patients died from cancer, 11 patients were alive with metastatic disease, 7 patients showed no further progress after metastasectomy, and 5 patients presented initially in poor clinical condition due to advanced disease and died within 30 days after surgery.
Disease progression occurred in 29 (62%) patients with tumors lacking peritumoral eosinophils, in 86 (42%) with low peritumoral eosinophil count, in 25 (32%) with intermediate eosinophil count, and in 1 (5%) case with high eosinophil count (Po0.001; Figure 3a ). Actuarial 5-year progression-free survival rates were 40, 57, 67 and 95%, respectively. Notably, progression occurred in only 1 out of 20 cases with high peritumoral eosinophil count, yet only 8 out of these 20 cases (40%) showed a florid overall inflammatory cell reaction (Figure 2b ). In addition, 25 (53%) died from disease with tumors lacking peritumoral eosinophils, 70 (34%) with low peritumoral eosinophil count, 21 (27%) with intermediate eosinophil count, and 1 (5%) patient with high eosinophil count (Po0.001; Figure 3b ). Actuarial 5-year cancer-specific survival rates were 47, 65, 75 and 95%, respectively. Similar results were observed for an increasing intratumoral eosinophil count (data not shown), wherein a higher number of eosinophils was associated significantly with progression-free as well as cancer-specific survival (both Po0.001; Figures 3c and d) .
Peritumoral Eosinophils are an Independent Prognostic Parameter
In Cox proportional hazards regression analyses comparing increasing peritumoral and intratumoral eosinophil counts, only peritumoral eosinophils, but not intratumoral, were significantly associated with progression-free (hazard ratio 0.64; 95% confidence interval 0.46-0.92; P ¼ 0.01) as well as cancer-specific survival (hazard ratio 0.64; 95% confidence interval 0.44-0.94; P ¼ 0.02).
In a second step, peritumoral eosinophil count was compared with well-established prognostic tumor parameters. In Cox proportional hazards regression analyses including T and N classification, tumor differentiation, lymphatic and venous invasion, tumor budding as well as intensity of overall inflammatory cell reaction, an increasing peritumoral Survival analyses restricted to patients with AJCC/UICC stage II cancers revealed no significant association of the four-tiered peritumoral eosinophil count with progression-free or cancer-specific survival, although the survival curves dissociated similarly (data not shown). However, when tumors were stratified according to the absence or presence of peritumoral eosinophils, presence of peritumoral eosinophils was significantly associated with favorable progression-free and cancer-specific survival. Thus, progression occurred in 6 (43%) cases with tumors lacking peritumoral eosinophils compared with 15 (16%) cases with tumors showing peritumoral eosinophils (P ¼ 0.016; Figure 4a ). Actuarial 5-year progression-free survival rates were 63 and 87%. In addition, 5 (36%) patients with tumors lacking peritumoral, yet only 12 (13%) cases with tumors showing peritumoral eosinophils died of disease (P ¼ 0.035; Figure 4b ). Actuarial 5-year cancer-specific survival rates were 70 and 90%. Although associated with unfavorable survival, more than 50% of tumors (11 out of 15) lacking peritumoral eosinophils showed an increased inflammatory cell reaction (score 40; Figure 2c ). Furthermore, only 24% of tumors (25 out of 105), in which peritumoral eosinophils were found, showed a florid inflammatory cell reaction (score 3; Figure 2d ).
In Cox proportional hazards regression analyses, presence of peritumoral eosinophils was associated with progression-free (hazard ratio 0.24; 95% confidence interval 0.07-0.87; P ¼ 0.03) and cancerspecific survival (hazard ratio 0.25; 95% confidence interval 0.06-1.02; P ¼ 0.05) independent of T and N classification, tumor differentiation, lymphatic and venous invasion, tumor budding as well as intensity of overall inflammatory cell reaction (Table 3) .
Combined Analysis of Peritumoral Eosinophils and Tumor Budding is associated with Progression-Free and Cancer-Specific Survival-Overall and in AJCC/ UICC Stage II Colorectal Cancers
Although an increasing peritumoral eosinophil count represented a favorable tumor parameter, high extent of tumor cell budding was associated significantly with poor survival of patients (Tables 2  and 3 ). The peritumoral eosinophil count correlated inversely with the extent of tumor budding (R ¼ À 0.185; Po0.001).
To evaluate the combined effect of these diametrical processes, we dichotomized both parameters and classified the tumors into three categories. Hereby, 71 (19%) tumors showed intermediate-tohigh peritumoral eosinophil count and low extent of tumor budding. These patients had a favorable progression-free (Po0.001; Figure 5a ) and cancerspecific survival (Po0.001; Figure 5b ). Progression occurred in only 9 (13%) patients and 6 (9%) patients died of the disease. The actuarial 5-year progression-free survival rate was 84% and cancerspecific survival rate 89%. On the contrary, 130 (34%) tumors demonstrated absent-to-low peritumoral eosinophil count and high extent of tumor budding. These patients had a poor progression-free and cancer-specific survival. Progression occurred in 72 (64%) patients and 63 (55%) patients died of the disease. The actuarial 5-year progression-free survival rate was only 29% and cancer-specific survival rate 32%.
A similar stratification of survival by this combined parameter was evident in patients with AJCC/ UICC stage II colorectal cancers. Patients with tumors showing an intermediate-to-high peritumoral eosinophil count and low extent of tumor budding demonstrated favorable and patients with tumors showing an absent-to-low peritumoral eosinophil count and high extent of tumor budding poor progression-free (P ¼ 0.08; Figure 5c ) and cancerspecific survival (P ¼ 0.012; Figure 5d ). Actuarial 5-year progression-free survival rates were 82 and 66% and actuarial 5-year cancer-specific survival rates 87 and 60%, respectively. 
Eosinophils in colorectal cancer
Discussion
According to our data, the presence or an increasing number of eosinophils at the tumor margin is strongly associated with a favorable tumor phenotype as reflected by the TNM classification, tumor cell differentiation, vascular invasion, and tumor budding as well as with improved patients' survival. Most importantly, our results demonstrate that, although the peritumoral eosinophil count correlates with the intensity of the overall inflammatory cell reaction, it is independently associated with outcome.
Given the easy accessibility on hematoxylin and eosin-stained tumor slides, previous studies have addressed the clinicopathological significance of eosinophil infiltration in colorectal cancers. However, comparability between these studies is limited due to differences in scoring systems, location of interest (eg, tumor margin), and adjustment for covariables. Despite these limitations, early studies assessing the number of eosinophils have consistently reported greater numbers in tumors lacking lymph node or distant metastases. [17] [18] [19] [20] Following this, studies have related tumor-infiltrating eosinophils with patient's survival. Fisher et al 10 reported an association of higher numbers of eosinophils (410 per 30 oil immersion fields) with better overall survival. However, this effect diminished after adjusting for tumor stage and, surprisingly, no correlation with the overall inflammatory cell reaction was observed in this study. 10 Nielsen et al 7 stratified a cohort of 584 colorectal cancer patients according to the numbers of submucosal eosinophils into four groups and observed an association with improved overall survival of patients independent of tumor stage. Fernandez-Acenero et al 8 reported an association with better overall and progression-free survival independent of tumor stage, tumor cell differentiation, and venous invasion in a cohort of 126 colorectal cancer patients. Notably, no association with tumor characteristics such as TNM classification or vascular invasion occurred in this study. 8 However, Fernandez-Acenero et al 8 did not consider the localization of eosinophils nor the overall inflammatory cell reaction, whereas Nagtegaal et al 9 compared eosinophil infiltration within the tumor center and at the tumor margin in a cohort of 160 colorectal cancer patients. These authors applied a semi-quantitative three-tiered scoring system (combining those tumors lacking eosinophils and with low eosinophil count) and found a less strong correlation between intra-and peritumoral eosinophil count compared with our study (R ¼ 0.26 vs R ¼ 0.69). 9 Although an increasing peritumoral, but not intratumoral, eosinophil count was associated with better overall survival and lower rates of recurrence, this effect was not independent of TNM classification and, importantly, overall inflammatory cell reaction in this study. 9 Nagtegaal et al 9 assessed the inflammatory reaction according to the system proposed by Jass et al, 21 wherein an inflammatory infiltration at the invasive margin was graded depending on the appearance as a connective tissue lamina following the advancing edge of the tumor. Mainly, the occurrence of lymphocytes was considered when assessing this lamina. 21 In contrast, the grading scheme according to Klintrup et al, 6 which was applied in the present study, includes all types of inflammatory cells in a four-tiered system. The connective tissue lamina as described by Jass et al 21 may in fact be reflected by the band-like infiltrate of inflammatory cells at the invasive margin defining score 2 in the KlintrupMäkinen scheme. 6 The latter scheme has been demonstrated to be associated with survival of colorectal cancer patients in several studies. 6, 11, 22, 23 Herein, Roxburgh et al 22 have compared both scoring systems and found an independent association with patients' survival in node-negative colorectal cancers only for the Klintrup-Mäkinen scheme. Furthermore, the inter-observer concordance was superior for the Klintrup-Mäkinen scheme. 23 The prognostic importance of the colorectal cancer's microenvironment has recently been reflected by an international effort to develop a host-dependent score ('immunoscore'). This score bases on the assessment of tumor-associated CD3 þ and/or CD8 þ T lymphocytes. It was shown to be associated with disease recurrence independent of tumor's stage according to AJCC/UICC. 3 Furthermore, high numbers of tumor-infiltrating T lymphocytes with a regulatory phenotype (FOXP3 þ ) were associated with survival in colorectal cancers. 24 However, it has to be clarified whether lymphocyte subtyping adds additional prognostic information beyond the evaluation of inflammatory cells on routine hematoxylin and eosin-stained slides. 5 Eosinophils are multifunctional granulocytes and potent effector cells that release several cytotoxic mediators on activation. 25 Only little evidence exists with respect to the mechanisms of antitumoral activity exhibited by eosinophils. It is unclear whether the antitumoral activity is dependent of a Th2 immune response. Cormier et al 26 demonstrated that antitumoral eosinophil activity occurs despite depletion of CD4 þ T lymphocytes in a xenograft animal model. This would suggest that recruitment and activation of eosinophils are driven immediately by the tumor cells. On the contrary, Mattes et al 27 showed a strong antitumoral activity of eosinophils mediated by CD4 þ T lymphocytes following transfection of tumor cells with ovalbumin. An enhanced accumulation of tumorassociated eosinophils has also been observed when tumor cells were transfected with interleukin (IL)-5, whereas eosinophil-deficient IL-5/CCL11 ( À / À ) mice have been demonstrated to enable augmented tumorigenicity in xenograft models. 28 Tumoricidal activation and degranulation of eosinophils seem to depend on stable contacts with colorectal cancer 29 Reports from immunotherapeutic approaches in patients with epithelial tumors suggest that the accumulation and activity of eosinophils might represent an important mechanism of action. Efficacy of treatment with recombinant IL-2 in advanced cancers was associated with greater numbers of peritumoral eosinophils. 30 Administration of IL-4 following treatment with IL-2, furthermore, induced eosinophil degranulation in a dose-dependent manner, which was evident by elevated eosinophil's major basic proteins in blood samples along with moderate blood eosinophilia. 31, 32 An eosinophil-dependent antitumoral mechanism of IL-4 was supported by animal studies with specific blockage of granulocytes and/or lymphocytes. 33 More recently, it has been demonstrated that IL-25 (synonym IL-17E), which is also released by eosinophils, exhibits antitumoral activity and leads to eosinphilia in a colorectal cancer xenograft model. 34 IL-25 may induce the expansion of eosinophils through IL-5 as well as elevated levels of IL-4 and IL-13, but also directly induce apoptosis of cancer cells. 35 Our study has strengths and limitations. The investigated cohort of colorectal cancer patients is large, with a comparably long follow-up time. Moreover, this cohort represents a random sample of more than 7500 colorectal cancer patients. Review pathology was performed independently by two experienced gastrointestinal pathologists. Foremost are the limitations inherent to retrospective analyses. By applying previously established cutoff values to group eosinophils, we were not able to address the question which is the optimal cutoff in predicting patients' survival. By excluding patients with neoadjuvant chemotherapy, patients with synchronous or metachronous secondary colorectal cancer as well as patients with competitive invasive cancers originating from other sites if metastatic deposits were not assessed by histology, we tried to control the homogeneity of the study population. Nevertheless, the patients included in this study underwent surgical therapy by multiple surgeons from both academic and community settings. Our results still strongly suggest that the peritumoral eosinophil count is a relevant prognostic parameter in patients with colorectal cancer independent of AJCC/UICC stage, which we, in particular, demonstrate for patients with stage II colorectal cancers.
In conclusion, despite the potential to improve risk stratification, a reliable measure of the local inflammatory response is yet to be incorporated into clinical practice. In this regard, evaluation of peritumoral eosinophils is a promising tool, particularly as it is readily assessable already on hematoxylin and eosin-stained tumor slides. The number of peritumoral eosinophils seems to have a strong favorable impact on the prognosis of patients with colorectal cancer, which is independent of tumor stage and the intensity of the overall inflammatory cell reaction.
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